The D14C variant of Pyrococcus furiosus ferredoxin provides an extraordinary framework to investigate a [3Fe-4S] cluster at two oxidation levels and compare the results to its physiologic counterpart in the very same protein. Our spectroscopic and computational study reveals vibrational property changes related to the electronic and structural aspects of both Fe-S clusters.
(XRD) crystal structure of the ferricyanide-treated Pf Fd D14C reveals its [3Fe-4S] cofactor with the nearby Cys14 cysteine side chain facing away from the cluster (Fig. 1 ). 8 The best-known multi-cofactor enzymes hosting a [3Fe-4S] cluster are succinate dehydrogenase and periplasmic [NiFe] hydrogenases. 9, 10 Their relatively high potential [3Fe-4S]
clusters play an important role in electron transfer relays. In periplasmic hydrogenases, a [3Fe-4S]-to-[4Fe-4S] cluster conversion can be easily achieved by a single amino acid exchange from proline to cysteine at the missing fourth coordination site. 11 This type of mutant-dependent cluster conversion (which is thus in contrast to Pf Fd D14C) results in oxygen sensitivity of the otherwise O 2 -tolerant Hyd1 hydrogenase from Escherichia coli. 12 Fig. 2A 21 In what follows below, the DFT-computed spectra ( Fig Table S3 †), which can be readily accepted in view of less efficient electron delocalization in the smaller cluster. This structural shift has a tight connection with reorganization energy λ required to relax the structure and its environment following the redox event. In semi-classical Marcus theory of electron transfer, the activation barrier for electron transfer ΔG ‡ is predicted to depend on λ and the driving force ΔG°( difference in reduction potentials) by the relationship ΔG ‡ = (λ + ΔG°) 2 /4λ. 34 Our computed inner-sphere contribution to reorganization energy λ i (see the ESI † discussion on reorganization energy, 
Conclusions
In conclusion, our results highlight the power of the combined application of NRVS and DFT for understanding Fe-S clusters. 18 10, 42 and CO dehydrogenase/acetyl-CoA synthase hosting a heterometallic NiFe-S cluster. 43 
